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Deecriptlon 

Lymphokinec such *e Interferons (hereinafter sometimes abbreviated at IFNa) and Intoneuldn-2 
(hereinafterwnetimec abbreviated aa IL-2) hava bean conaidarad to ba of clinical valua for the traatmant 

5 of virei f nfectiona and malfgnandec and recent technological advancaa In genetic engineering hava mada ft 
in principle poaaibla to produce euch tympholdnee on lerge scsle* However, It la known that tha desrenoe 
of lymphokfnee administered to tha living body la In general vary short In tha caae of tympholdnee derived 
from heterologous enlmais. It la antlcipcted that antibodies may be produced In some Instances snd cause 
severe reaction auch aa anaphylaxis. Therefore, technology development te desired which leads to delayed 

'<> c'osrance of tyrr<ptioklnes used as drugs, with (heir activity retained, and rurther to dacreeae In their 
antigenicity, Tc ^achieve tWeobject cr^lc^ modWcetlon of lympholdnes la e very effective means. Such 
chemlcsi •••vdnCwcn Si to rwin In delayed ownnci in vie living body, decreased antigenicity 

and, further. Increased phyeioiogteel ectMty. From the prececal viewpoint the slgnfficence of chemical 
modification of tymphokineo ie thue very greet 

19 Genorefly, in chemically modified phyaiologicelly active proteins, e method le required by which said 
proteine can be chemloetty motffled whfle retaining their physiological activity, Polyethylene glycol methyl 
echer ie considered to have no antigenicity and therefore Is used In chemical modification of proteine. The 
Introduction of said substance into proteine Is generally performed by wey of the intermediary of cyanuric 
chloride. However, cyenurle chloride ie toxic per *e and the possible toxicity of Its degradation products in 

* vrVo remelna open to question. Therefore, cyenunc chloride should be used with caution. Furthermore, the 
rooction Involved requlree a pH on the alkaline aide end therefore the above-mentioned method of 
modification haa a drawback In that It cannot be eppffed to proteine liable to inactfvation under slkaOne 
oondhfonsL 

U.S. Patent No. 4002J31 dbdoeee e method of producing monodkylpotyethylene glycol dertvetivee 
n of cnxymee. However, the method dtedoeed therein, which usee eotfum borohydrids at pH 8.6, when 
eppiled to tympholdnea, may poeaibiy destroy the physiological ectMty of tympholdnee and therefore 
cannot eerve se en effective method of production* Furthermore, said patent ipoclllostion does not any 
auggeation ee to the effect of delaying the In v*o clearance of the enzyme derivative* Such effect ie 
therefore unknown* 

JO There Ie etoo known e method of Introducing s low molecular aldehyde such ss formaldehyde, 
ecetaldehyde, benoldehyde or pyrldoxal into phyefoiogkalty active proteine In the preesnos of e 
boroft-oontaining reducing agent [Methode In Enzymotogy, 47, 460—478 (1977); Jepeneee Patent 
Unexamined Publication No. 164^96/831. However, applloetlon of sold method to tympholdnee foils to 
echleve affoctfve delay In clea rance . A eubatantial decreaae in antigenicity cannot be expects d but rather tt 

m le poe aib le that the low moleculer aldehyde Introduced may eerve ee e hepten to thereby provide sold 
lymphoklnee with Immunogenidty, 

The preeent inventors studfed Intenclvely to overcome the above dffflculti ee and have now completed 
the preeent invention* 

Thle invention providec chemically modified tymphoMnce having polyethylene glycol of the formule 

40 

B-W-GHr-CHA fl) 

wherein R Is e protective group for the termlnel oxygen atom and n Keen optional poahlve Integer, bonded 
directly to et leeet one prlrnery amino group of the tymphoJdne moiety snd a method of producing the 
m eame. 

In the preeent epadflcation, the term lymphoklne'* Indudas soluble factors ralaased from 
lymphocytes and Involved tncellulerimnH^ physioiogicel activity. 

Thua. the lymphoUnee mey be genetically eng in eered products, producta derived from vehoue 
enimala Indudtog humane end further Include substances simtter In structure snd In physioiogicel activity 
as to theee. 

For Instance, there mey be mentioned varloua tn terforon e [btterforon-a (IFN-q), I n terfe r on^ (IFN-fl), 
interferon-Y (1FN-y)A *A mecrophege dHforentieting lector (MOf), mecrophege activating factor (MAF), 
tiesue pleemlnogen ectivetor, end substance s slmller In structure end In physioiogicel ectMty to theee. 
Cxam plaa of sold subetancee slmller In structure and In physiologies! activity sre substancee having 
m the atructura of ffN-y saccept for the leek of 2 to 4 smlno adds st the N-tarmlnel thereof {PCT/JP84^00292, 
filed June 6, 1 904), variouo IFNVy fragmenta lacking In the C termlnel pa rtion of IFN-y (e.g. 1 SIC spedee; EPC 
Pitent AppBcation No. 841111334), subetancee having the structure of H-2 saccept for the lock of the 
N-termlnel emlno edd thereof (9C (leld open) 01 630) or the leek of 4 emlno edde from the tUormtnol 
Ueponeco Potent Appfctffon 60-236638, flfod Oeeember IS, 1983) end substtncee hevtno the structure of 
as. IL-2 except for tie look of one or more oonetftuent emlno edde with or without one or more substitute 
amino edde In pteoe of seld mtadng one or onoe, for example the IL-2erttlog containing serine tn lieu of the 
126th smlno edd cyetofn* IJBK (leld open) 1047901 

Preferred emong such tymphokineo ere IFN-o. IFN-y [consisting of 148 emlno edde (EPC (leld open) 
0088878)1 IFN-v looking ki two NHormtnel smlno ecide (IFN-y d2), IFN-y leddng In three NMarminel amino 

• edde UFH-y d3K end IL-2.: 



*• Cu 11-44 r.u 
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The rymphokJnee t be used in the practice of the Invention preferably have a molecular wekjht of 
5.000 to 50,000, more preferably 10.000 to 30,000. 

The primary amino group of lymphotfnee Indudes the N-tarmlnei a-amino group and the e-emlno 
group of the lysine raaldue. 
5 Referring to the group repreaented by the above formula (1). the terminal oxygen-protecting group R Is. 
for example, an allcyl or alkanoyl group. The alkyl group la preferably an alkyt of 1 to 18 carbon ttome, more 
preferably a lower (d_J altcyl, auch aa methyl, ethyl, propyl, npropyl, butyl, f-butyt, tec-butyl ort-butyl. The 
alkanoyl group la preferably an alkanoyl of 1 to 8 carbon etoma, more preferably a lower (d~J alkanoyl, 
•uch aa formyt, acetyl, propionyl, butyryi, i-butyryl or caproyl. The positive Integer n la preferably not more 
« tnan 600, more preferably 7 to 120. 

The group of formula (I) preferably haa a molecular weight of not more than 28,000, more preferably 
360 to 6,000. From the viewpoint! of physiological activity retention and deerance delaying effect the 
group of formula (1) preferably haa a molecular weight corresponding to 1 to 10%, more preferably 2 to 5% 
of the molecular weight of the rymphokfne to be modified 
ft The chemically mocSfled tymphotinoe according to the invention have the group of formula (I) directly 
bonded to at least one of the primary group of the corresponding lymph oWnee. 

When the N-termlnal o-emlno group le the only primary amino group In the tympholdne to be 
modified, the modified tympholdne haa the group of formula (I) directly bonded to seld emino group. When 
the tympholdne to be modified haa one or more lysine reelduee In fta molecule, the modified tympholdne 
20 haa the group of formula (I) cf reedy bonded to some percentage, preferably 1 6 to 80% (on the average), of 
said e-emfno groups. In this case, the N-tsrmlnal a-amino group may have or may not have the group of 
formule (1) ctrectty bonded thereto. 

The chemteelh/ modified rymphokJnee according to the Invention can be produced, for example, by 
reacting e tymphoklne with the aldehyde of the formula 

.? 

wherein R and n ere ae defined above, In the presence of e reducing agent 

Aa the bororxontaining reducing agent to be used ee conducting the reaction, there may bs 

je mentioned sodium borohydride and eodium cyanoborohydrtde. Among them, more preferred la aodhim ^ 
cyanoborohydrlde from the viewpoint of aeiectMty of reaction or possibility of carrying out the reaction In ^ 
the neighborhood of neutrality. 

In carrying out the reeetfon, the aldehyde (11) la used In an amount of about 1 to 10,000 molee per mole 
of the lympholdna, and the boron-contammg reducing agent la ueed In an amount of about 1 to 100 molee M 

m per mole of the rymphoWne. The degree of modification can be ae l ected as deelred by varying the mola * 
ratio between tympholdne end aldehyde (1). The solvent to be uaed In carrying out the Invention may be - 
any solvent which does not disturb the reeetfon and la, for example, a buffer such as a phosphete or borate 
buffer. An organic aorvent which doee not Inactivate lymphoidnee or disturb ths reaction, tuch ae a lower ; : 
elkanol (a* methanol, ethenol, t*ropenol) or acetonitnle, may be eddod. The reeetfon may be conducted 

m within e broed pH renge of 3 to 14 but ie preferably performed In the vIeWty of neutrality (pH 8.8-7.8). The 
reeetfon temperature may be aelected within a broad range of 0* to 80X, preferably or to WC, ao ae not to 
causa denaturatton of rymphoUnee. A period of 05 to 100 hours, gsnsralty 10 to 80 hours, will be sufRdsnt 
for the reeetfon. The deelred, chemically modffled lymphoidnee can be obtained by purifying the reeetfon 
mixture by deryete, aaftfng out, Ion exchange chrornetogrephy, gel flhretfoit, high performance liquid 

« chromatography, electrophoresis, or the m» ordinary method of purifying proteins. The degree of 
modfficetfon of the emino group or groupe con be calculated by acid degradation followed by amino add 
enotysfs* for Instance* 

The above monttonod eldehyde (II) can be produced from an ethylene glycol derivative of the formula 

m rVK>— CHtCHrbOH <«> 

wherein R and n are ee defined above, for instance. The following la a method of producing the aame which 
la advantageous In that the production of the correeponding byproduct carboxylle add la tittle. 
Thue, the compound (III) le oxkfeed with pyridlrUum chlofochromata In a haloeikane aorvent such ea 

sb methylene chloride or chloroform. In this C8ee,.pyr1dlnium chlorochromete la used In an amount of 1 to 3 
molee per mole of compound (II) end the reeetfon Is carried out at -10* to WC preferebry at room 
temperature, for 1 to 30 hours* 

Treatment of compound <W) (n-1) with potassium butoxtos In t-butand followed by reaction with a 
bromoecetal and treetment with an edd tuch ae an organic add (e.g. trtfluoroacetfc add) or an Inorganic 

io edd (e,g. hydrochloric or eurfutic add) can aleo give the correapiiviing JJ^.yde (10 which! le longer In 
chdn length by — O-CHtOV- than compound (HQ. In tWe ceee, 10 to 30 molee, per mole of compound 
(III), of potaesium t-butoxide ie edded to the above compound end, efter c3aeoiution, 3 to IB molee, per 
mole of compound (W), of e bromoecetal la added, rofiowed by reaction at HT to oVCfor 03 to 8 hour* 
After treetment of the reeetfon mixture In the conventional manner, the prockict le dreeorved In a dilute 

m equeoue aolutfon of the above^nentloned edd, followed by heeling for 8 mlriutee to 2 hours. 
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dfrtllstfon. ' oonc»rnr«i n. r^rytulHxatlon. rapreclpftetl a chromatography indfor 

- -im^to^^ h ™^< Pny**>glcs. act**... 

othors. oornoponamg known, unmodified lymphoidnas and ara ussful as drugs, among 

« m I^^h^^!^!^ P ^ 0,dn ^ acco " fln « 10 *• ****** axhlbrt daisy in doararKs In vivo* 

ZZ^.f*?^! 1 ^^ | Y m P h °«'>« •©cording to tha Invantton can uaualtv b* admlniatsrad « 

^^^"^^L^^^il^* •L uman| • Wwr or *» v or pararrtarslly In tha form of appropriate 
^^^«SC^S^'^i^!t?f ,r ^' dnu,fl * ••*.*<«» « known In *anu*vtT 
r nm^rlZ^^J?'^*!???** iFH< " X0 « sln Q » Invantion. whsn usad aa an antiviral 
i^l^rS^r^un^ " onea . day by Intnvanoua injsctfon In a doaa of 

fcv tho pnaant apscHlcauon, tha amino adds, whan rafamd to bv abbravuntora. an abhnwiMH 
•ceoitfng to IUPA4MUB (Commission of Biological ItomsndaTn). ,O0 ™ v,TOO « w ' ,l * r *^ 
ha. bW2^15S£^ tadiadoa^l hanlnlatsr In a nfannco axampta 

. * J" 4 * *• Nrmantatlon Raaaareh fnatftuta (FPU), Agancy of Induatria! Sdsnca and 
ftSSiTliy ««•"«'<»«•» T«o. and Inch-try undar tho d^SRZmm W%?JSi 

Thai w^_^wfc«a _ eo* DH1/pTF4 haa baan dapoaftad with tho Instftuts for Farmontatfon, Oaaka 

Briaf doacrlptfon of drawings 

Hfl. 1 show* tho dsarsncs-dataying affact In rat plasma as dtsdosad In ExamDte 1 IM.' Tha 

^^j^Tt^^ " ^!f n ? T,, ^•<« raym< Immunoaaaay) and ■ (antiviral actMty assay). 

h^T?i ^^"~!^ <W-Vlnfl , * P** 1 * •» dtadoaad In Examplo 3 (II). TTiodooi 

iT^SrlSl^' 5L?r^ ,r,< ' , *.* r ? ym * lmmunoMM Y <*» tor compound No. a compound No. 2 fTiM* 
n ana control rtPN-cA. r aa pa ctl valy. 

fefJLtJ B^^^n,^^f!fl. ,Ch * m * *• «P"J"ton plaamld pHITtrp110W2 dtectossd In 
rSSS 4 1J ^- 4th# 08r « njc *» •*•">• for tho axpnaslon plasmid pLC2 disdossd In 

lost mods for carrying out tf» Invention 

hw n^ f ^. < ?T^y ¥ !? <dnq r*r n P to * «■"*»«• "lustrata tha invwrtJon In mora data! but ara 

oy no moans omatattvs of tho Invention. 

Examplo 1 

Pro *f*>" of poryotnylano gryeoi matnvt sthsr-cnodfflad tfN-o 

2??^^J21iS!lltt M •°f." m oWo^Wo «t 4X for 12 hours. To tha dlaryzsta takan out than 
^ZhSi £Il^^T^^2^?^ m * t^ !^^• r • W ^ d » (tvwfl a molaeular wsight 1,900) (2flO mg) 
S^i?S5?S2f! mp,t ^•"'•ooJ"" 1 <^noborohydrida (140 mg) was addad. and tho rnomira 
^«^!2Jif!^\^^^^ ,1 ^ d0 " moauw «" Pound Into a Saphadax Q-76 column (3.0x43^ 
S ^i^ftat^2*^!!li" B ^^*°*?!!l bufl i: (P« ««1 0.15 M aodlum cfilorlda. Tha shuts 
^^^^^ pc g to ?* Buat> 1100-160 ml) containing tha oomompiatad product wan 

&2£.££2J ?i1&"22!? t t 1m * 0M 2? 84 «cW nrtos In add hydrotysats (6 N 

nydroenloric aeM, 11 OX, 24 hours) wan ta foltewa: Asp. \Z2 12): Thr, 10.4 (10): Sar. 16.0 (14)' Glu 244 

«^ < «2uaT^ 52^^^^£f&Jfi <W L5S' ^f?- aa*oajcm«*oo»a<. m vtanar o>T ttoa» fsMt ttsasc rtf^aA oosrtarisiai 1 1 
%££tt?t25Z mt ** conclusion that about 41% of Lya rsaiduss In IrMarfaron ahad baan 
*^ <^mtoo group wim^ poryathytana glycol mathyl athar (avango molocular woight 1 J00). 
» £2S2L^^Si? rodu ? I! d !2 rm,n * j * ^ "wnunoaasay msmod (Msthoda In Eraymology, 
Si2!^2SL22? 1 "lUMi 1 J«*"«*>nal and tho antMral actMty aa dotarminad byttw 

,n J °y rw 5 <0 < V"^. 788-788 (1981) was 0.67x10' Inaamaoonal unltaAng?This 
proctaet drA-3) was aubmtttad to a claanneo taat In rata aa mannoMd umt h«»hi. 



• -— - _ ^- ^ claanneo taat In rats aa manttonad iatar hanm. 

WUalng 100 mg of tho poryothytona glycol me^vl ••' ' • -• '- "sfarancs Examplo 1 
•nd having an avango motoeuiar waight of 780 and 100 mg */ *oJium cyanoborohydrids. nTN-oA was 
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treated in th mit>« manner ae (i) to give 30 ml of a solution of polyethylene glycol methyl sther-modlffed 
IFN=c with a protein content of 130 pg/ml. Amino add ratio* in add hydroh/sate (6 N hydrochloric add, 
11(TC, 24 hours) were as f Hows: Aep. 111 (12); Thr, 10.1 (10); Ser. 1X6 (14); Ghj. 26.7 (26); Pro, 5.5 (5); 
Gry. 5.6 (6); Ala. 8.4 (8); Val, 6.7 (7); Mat. 5.6 (6); Ha, 7.4 (8); Leu. 21 .0 (21); Tyr, 6.1 (5); Phe, 9.6 (10); Lye, 4.7; 
5 Ms. 15 (3); Aig, 9.1 (9); Trp. 1.8 (2); Cyi. decomposed. Tha abova daU indicate that about 57% of Lya 
residues had been modified at ma e-amlno group. Enzyme Immunoaaaay performed In tha same manner 
as (I) gave tha result 5x10* International unlts/mg, and tha antiviral activity of tha product wee 0.14x10 s 
International unJts/mg. 

(HI) The procedure of (I) wee followed using 27 mg of the polyethylene glycol methyl ether aldehyde 
w and 27 mg of sodium cyanoborohydrlda end there wee obtained 50 ml of a polyethylene gtycol methyl 
ether-modified IFN«a solution with a protein content of 46 ugrml. Amino add ratios In add hydrotyeste (8 N 
hydrochloric add, UOt 24 hours) gave the following results: Aap. 134 (12); Thr. 1<U (10); Ser, 14.3 (141; 
Glu, 26.6 (26); Pro, U (6); Gry, 6.1 (5); Ala. 84 (8); Vsl, 6.6 (7); Mat 6 J (5); lie, 7.4 (8); Leu, 21.0 (21); Tyr, 6J 
(5); Phe, 104 (10); Lye, 9.0; Hta. 34 (3); Arg, 9.1 (9); Trp, 13 (2); Cys, decomposed. The above data Indicate 
'* that about 1 8% of Lye residues had bean modified at the e-amlno group. Enzyme Immunoassay performed 
In tha seme manner aa (0 gave tha result 1.09x10* international untta/mg and the antiviral activity of this 
product wee 1.53x10* international unita/mg. 

(Iv) Tha chemically modfflad IFN-a (IFA-3) of tha Invention aa obtained abova In (1) was administered to 
a group of three 7*weefc-old female SO rats by Infection Into the femoral muede In a doea of 1 474x 1 0 s units 
20 par capita. Altar a prescribed period, blood was sampled from tha caudal vein and tha IFN-a potency In 
plasms wee determined by tha enzyme Immunoassay method and sntivfrsi activity method described In 
Example 1 (0. A distinct delay In clearance wee obeerved as compered with s group administered 
unmodified trtarteron a MFN-dA) In a dose 1.258x10* unite per capita. 

The above results are depicted In Rg. 1. 

n 

Exemple 2 

To 6 ml of the solution of chemically modified IFN-a (IFA-3) of the Invention se obtained In Exampfo 1 
(Ik there la eddad 290 mg of human serum albumin. Tha resulting solution Is Altered through s membrane 
mter (pom stes: &2 urn) snd dlatributad Into 6 vials, foltowad by ryopMHzatlon and storage. The contents of 
jo each vial are dissolved In 1 ml of olatillad water for infection |uet prior to use. 

Example 3 

Production of polyethylene glycol methyl ather -modified IFN-a and alkanoyVpofysthvlene grycoMnodffied 
IFN^ 

JO (I) The tide compounds ware synthsstod by udng tha polyethylene glyool methyl ether aldehyde end 
dkanoylporyeihyiene glycol aldehyde obtained In Reference Example 1 snd Reference Example % 
respectively, snd following tha procedure of Example 1. Varloue data for each derivative synthesized era 
shown In Tabta 1 and smlno add enaryeia date therefor In Table 3- 

(II) Tha ohemicatty modified IFN-o apedaa obtained In (!) abova (oompcunde No, 2 and No, 8) were 

m sdministared to 7-weee>oW female SO rata In groupa of 3 by Intramuscular tn|ection Into the femur In doses 
of 3.13x10* unite end 188x10* unite, respectively. Thereafter, blood samples) were collected from the 
caudsl vein st timee IntarveJe snd assayed for IFN-a potarey 'n plsome by enxyma Immunoassay. 
Obviously deisyed daarsnca was noted ss compared with As .^*f* :.32xl(T units of unmodified 
IFN-a. These reaults are depicted In Fig. 1 
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m — : Not dotootad. 
Exampto 4 

Production of potyathytono glycol mothyt odtor-modlflod Intarfaron-Y 

(I) A 6-ml portion (646 mo 66 proton) of • aotudon of tho Intorfarorvy protafn product* by tho 

49 recombinant DMA tochnlquo (horolnaftor abbreviated aa rlFN-Y; ct.EKbM opon No. 110044) wm apptlad 
to a Saphodaot G-2B ooiumn (10x604 cm> and dovolopod with 0.2 M phoaphato buffer (pM 74). Tho thwta 
waa fracdonatad In 6-ml poiDona. Fracdona Not. 11*13 woro combtned and dllutod to 100 ml with tr«« 
tamo buffer. Thorott woo addod poryotrrylona glycol mothyt after aldahydo (avorago molecular weight 
760) (228 mgL toHowod by addition of aodtum cyanoborohydrfdo (300 mg). Tho mbctura waa ahafcan at 37*C 

59 for 72 houra. Tho roauMng pradpltata waa rtmovod by contrffugatJon. Tho aupamatant woo concorttratod 
to 10 ml using a Bellow mombreno (Amlcon). Tho C HW oa mato woo appltad to a Sophodtx G-75 column 
(34X434 cm) and dovolopod wtth28mM ammonium aoattta buffor (ptt 641+0.15 M aodlum chtodda+10 
mM gUitathlono. Tho oluota waa fraedonatod In 8nnl pordona. Pmettona No*. 17-24 containing tho datlrad 
product wora oomWnod. Tho protaki confer* In tho comblnod fracdona aa dotarmlnod by tho Bradford 

m mathod uaing bevina aorum albumin aa a atandard waa 7.73 pgAnl. Tho add hydrolyttfa (6 N hydrochloric 
add, 11<TC 24 houra) gavo tho following amino add analyafa valuoa: Aop, 194 (20); Thr, 47 (6); Sor, 84 
(1 1). ®u, 18.6 (181; Pro. 2.1 (2); Gty, 64 (6); Ala, 74 (8); Vat M (8); Mat 3.7 (4); lit, 7.1 (7); Lou, 9.7 (10), Tyr, 
64 (6); Pho, 9.7 (10); Lya, 174; Hta, 24 (2); Arg, 6.0 (8); Cya, Trp, docompooad. Slnca rtPH-y contalna 20Lya 
fodduoa^ tho abovo rooulta ImScM tf^ ab^ 

m by polyothylono glycol modryl othar (avtraga molocular wolght 790). Tho product had an antMraJ activity 
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of 1.3x10* tntarnatfonai unftVmg. Administration of tha product to rati resulted In nhuin... i„ 

v^lghM^cw^ by Sephedex G-75 gel filtration in the sams .r^wjr as at ova. The thua-purifted 
fractfor i» m had "Protein content of 12* ug/ml and amino add analysis of tha acid hydrotoste (6 N 

Siu KiJIa.?^ tliJ?' " ,2); 74 (8,: ™ r ' 07 °* ^^PO^ The higher ^ far 
Olu and Qly than tha theoretical are praaumably dua to oontaminadon by glutathione. Since riFN-v contain* 
70 Lys e-*mlno $roupa, the above nwuKa Indicate that about 26.3% cf the Lye s-amlnc groupa In riFN-v jw. 
nn^^^J*^**? 8<vco< «ther. W P Y W- 

(I 0 IMng 225 m« of pOtWryiene giycoi methyi ether aidehyda having an average molecular weight of 
^•^^^^2 ^™u^ Y< ^' riF * Y trMUd * *• ™«ner aa (1) In the preeence 
^J^^^f^L^ % 2 ^ * 1 fliYcol methyl cttOTnodffied rtFN-y solution 

i^A? 0 *? com ^ t iP 8 ^ *netyeie of the add hydn>Jyeato (6 N hydn>chlorlc add, 

2* hour*) 9«ve the following valuee: Aep, 20.0 120); Thr. W (9); Scr, 9.6 01); Glu, 334 (18): Pro. 1.8 

Lye, 102; Hie, 13 (2); A*, 74 (8); Trp, 0.6 (1); Cye, decomposed. The higher valuee for Glu and Qly are 
precumebiy due to contamlnetfon with glutathione. Since rlFN-y contakia 20 Lye c-amlno grouoa, the 
above reeults Indicate that about 60% of the Lya e-emlno groupa In riFN-v had been mooted bv 
polyethylene glycol methyl ether. 

Example 6 

Production of polyethylene glycol methyl elher-modffied IFN-vd2 

(I) A 6«nl portion (446 mg aa protein) of the IFN-vca eolutlon obtained In Reference Example 3 la 
applied to a Sephedex G-28 column (10x60.0 cm) and developed with 0.2 M phoephete buffer (pH 7.0). The 
eluata la fractionated by 8mL Freedom Noa. 11 — 13 era combined end diluted to 100 ml with the same 
buffer. To the dilution la added polyethylene glycol methyl ether aldehyde (average molecular weight 790) 
(200 mg), and then sodium cyanoborohydride (300 mg). The mixture Is shaken at 37<C for 72 houre: The 
resulting precipitate la removed by cemrifugetlon. The aupematsnt !s cc r. :antratad to 10 ml using a Ofaflow 
n^mbrane (Amicon). The concentrate la applied to e Sephedex G-76 column (34x434 cm) and developed 
wWr 26 mM ammonium acetate buffer (pH 641+0.16 M sodium chloride* 10 mM glutathione. The eiuete le 
fractionated by 6 ml, and the fterfona containing modM 

e^er moiety on the Lye a-ern»no group In the molecule are collectad and combined. When thla product !a 
administered to rata, evident delay In clearance In bfood la noted. 

On the other hendr the pred pltate le 
ammonium acetate buffor (pH 64H0.15 M eodlum chlorido+10 mM glutathione at 4"C overnight and 
purified by Sephedex G-76 gel filtration In the same manner aa above. Thue la obtained a fraction 
containing modffled IFN-vd* having the polyethylene glycol methyl ethyl moiety on the Lya e-emino group 
In tha molecule. 

Example 6 

Production of polyethylene glycol methyl ethofwnodfflod !FN-v3 

<0A6^(8Jmgs*prats)4fi)pc>n1onotto 
toe Sephedex G-26cdumn (24x604^ 7.0). 
The eiuete le fractionated In S-ml portion*, Frectlone Noe. 11—13 ere combined, and thereto are added 
polyethylene glycol methy lether aldehyde (average molecular weight 760) (226 mg) and then eodlum 
cyanoborohydride (120 mg). The mixture to ehaawrt 

Sephedex G-76 column (34x434 cm), followed by developme n t with 26 mM ammonium acetate buffer 
(pH 64). Thiaic obtained efnxtkmoom^ 
moiety on the Lye Mmlno group In the molecule. VVh^ 
In deerence In bfood le 



Example 7 

Production of polyethylene glycol methyl ether-modNlcd IL-2 

(I) A 6-mi (64 mg aa protein) portion of the (ntarieuldn 2 (hereinafter abbreviated aa riL-2) obtained in 
Reference Example 5 wee dlalysed agelnet 0^ M phosphate buffer (pH 7.1 6) for 1 2 houre. To the defyzato 
wee added poA^thylene glycol methyl ether aldehyde (average molecular weight 760) (97 mg). and then 
ac^ufncYeTOborohycfe^n^ 

wee removed by centftfegatfon. The supen^nt wee diaiyvsd againt S mM ammonium acetate buffer (pH 
54) for 6 houra. The dafyate waa applied to e Sephedex G-76 column (3.0x43.0 cm) and developed wtth 
the same solvent system. The eiuete wee frecdonatad In 6-ml portfona. The deeired product-containing 
fractlona Noe. 21—29 were combined The combined fraction had a protein content of 26 pg/ml aa 
detannlned by the Oredford method uefng bovine eerum albumin ee a standard. The add Hvdrelyeate (6 H 
hydrochloric add, 11 OX, 24 houre) gave the following amino edd anatyela vduee: Aap, 1 24 (12); Thr, 124 



6 



EP 0154 316 B1 

!l 3 l ; fS: V (8 L ; P& 1 ! fl (18,; Pr0> 54 (6,; Q ' Y ' Z2 (2,; 5 *° < 6 >; v * 37 «><* Met, 3^ w ; lie, a.i m- i*u 

22.2 (22); Tyr, X0(3); Phe, 5.0 (6); lys, 7.3; Hit, 3.0 (3); Arg, 3.9 (4); Cye, Trp,7^^ 
n** 1 ™" 1 " recutts Indicate that .6out 33.6% of th. Ly* famine ^roVpfh^ been 

of Hlnume at al. (Biochemical and Biophysical Raaaarch Communications, 109. 363—389 (1982)1 which 
"1!T7! JiX*"* - *T IW ^P««*« mouM killar cell Una (NKC3) with tha [^.thymidine 

u^r^^^r/^ W V? 2 ' 9M r% rlL ' 2 18 5U PP^ * hava an activity of 40,000 
unKa/mg tha product la cetimated to ratlin 67.7% of the actl Aflar administration of thai product 
obvloua dalay in elaaranca in blood waa noted. 



Reference Example 1 

Synthase of polyethylene glycol methyl ether aldehyde 

(1) Poivaiftylene oJycoJ methyl ether (5 g; average molecular weight 5,000) wee dleeotvcd In methylene 
chloride (100 ml) and then pyridinlum chlorochromate (330 mg) wee added. The mixture wee stirred at 

» room temperature for 12 hour*. The reaction mixture wee diluted two-fold with methylene chloride and 
poured Into a florleil column (6x10 cm), and the column wee weahed with methylene chloride end then 
with chloroform, followed by elutfon with methanolchloroform (1:9). Fractione positive to 2,4-dmttro- 
phenylhydrazine teat were combined, the solvent wee distilled off under reduced preeeure, and there wae 
obtained a crystalline wax. Yield 1.9 g (30%). Thin layer chromatography: R.-0.06 (chforoform-methanoi- 

a acetic acld-9: 1 :0J, artica gel). "C4JMR spectrometry revealed an absorption due to the aldehyde group In 
hydreted form (-gWOHy at 96.2 ppm. 

(li) Poryethylene glycol methyl ether (10 g; average molecular weight 6400) wea dlaaorved In 
tertiary-butancl (100 ml). Thereto waa added potaasium tortiary-bvtoxkJe (417 g). followed by addition of 
bromoecetal (166 ml). The mixture wee stirred at 40*C for 2 hours. The tertiary-butanol wee then distilled 

u off under reduced preeeure, water waa added to the residue, and the aqueoue mixture waa extracted with 
chloroform (200 mlx2). The extract wee weehed with water and dried over anhydroue sodium sulfate. The 
chloroform waa than dletitSed off under reduced pressure, petroleum benzine waa added to the reeidue, and 
the resultant crystalline reeidue wee collected by filtration end weahed with ether. Thue wea obtained 94 g 
(96%) of the corresponding polyethylene glycol methyl ether diethyl aoatal. A 6-g portion of the acetal wea 

X dlaaorved In 60 ml of QM M trtfluoroacetic add, treated In a bofflng water bath for 30 mlnutee and then 
ryophfflsed, giving a polyethylene glycol methyl ether aldehyde longer in chain length by —0—04,04*— 
then the product obtained In (1). * 

(IB) Polyethylene glycol methyl ether (6,7 g; average molecular weight 1,900) wea dlaaorved In 
methylene chloride (100 ml) and then pyridinlum chlorochromate (670 mg) wee added. The mbcture waa 

jf stirred at room temperature for 12 houra, then o7hited with an equal volume of methylene chloride, end 
poured Into e Rorieil ootumn (6.0x10.0 cm). The column wee weahed with methylene chloride and than 
wfth chloroform, followed by elutfon with 10% methanoUchloroform Fractions poeftive to &4-dlnrtro* 
pherririrrydrexine teat were combined. Remove! of the aorvent by dratflletton gave e crystalline wax Yield 
}& g 00%l Thin layer chromatography: Rr-0.10 (chloroforTn^etherwI-ecetic edd«9:1:0* efllce gel). 

* 1 *ONMR spectrometry Indicated the preee nce of en abeorptfon due to the aldehyde group In hydreted farm 
<-£H<OH)t) at 9*2 ppm. 

(Iv) Polyethylene glycol methyl ether (19.6 g; average molecular weight 1,900) wee dlaaorved In 
tortfary-butanoJ (100 ml). Poteeelum tertiary-butoxJde (10.4 g) wea added and then bromoeceteJ (M ml) 
wee added. The mbcture wee etfrred at 4trc for 2 houra. The tortlary-butanol wea then dtetUled off under 

m reoXioed preeeure. Water wee aoxled to thereat 

extract waa weahed wfth water and dried over anhydroue sod urn sulfate. The chloroform wee detiiled off 
under reduced pr eee u re, petroleum beralne waa added to the reeidue, and the reeuitant crystaiHns reeidue 
wee collected by titration and weahed with ether to give 8.5 g (89.6%) of acetal. A 3-g portion of the ecetal 
wee cfeeorved In 0,06 M trtfluoroecetic add, and the solution wee treated In e boiling water bath for 30 

« mlnutee and then H/ophitized to give a poryethylene glycol methyl ether aldehyde longer In cheln length by 
— O-OtgCHr- than the product obtained In (in). 

(v) PoryetJrylene glycol methyl ether apedee having average molecular wefghte of 760, 600 and 360 
were derived to the ooneepondlng aldehyde apedee by following the above procedures, 

88 Reference Example 2 

Synthcefe of afcenoyt poryethyienegtycol aldehyde 

(I) In 90 ml of pyridine, there wee dlaaorved 16 g of polyethylene glycol 1640 (Weko Pure Chemical 
Induetriee) ( a verage moiecuier weight 1600). To the eokition wee edded 1 M ml of acetic anhydride, The 
mbcture wee stirred at 40X for 2 houra and men at room temperature for 16 houre.T>w^ 

m wee distilled off under reduced preeeure. The reeidue wee dlaaorved In chloroform, end the solution wee 
weehed with water, the chloroform layer wee dried over anhydrous sodium sulfate, end the chloroform 
wee distilled off under reduced preeeure. The reeidue wee dlaaorved In e amen amount of chloroform, a 
petroleum berulne-ether (2:1) mixture wea added to the solution, and the mixture wee allowed to stand to 
give 14 g (90%) of e cryetalBne wex A 1.4-g portion of the wax wee dlaaorved In 50 ml of methylene 

as chloride, followed by addition of 300 mg of pyridinlum chforochromata. The reeultf ng mixture wee stirred 
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« room tmpantura far 18 hour*. Th reaction mixture wss spplled to ■ silica ami C-200 iWika ft.r. 
ml) and sluted wfth 10% methenol<hloroform. Fractions pothtve to tha ? 4^inrrrnnh.^i^y.,iT. 

(II) In 60 ml of methylene chlorida, there was dlaaolvad 20 g of polyethylene glyool 1000 (Waka Pure 
mixture wn sdrrtd * 7<TC far 2 hours. Than, ttio solvent wu dMIM off. and th* r—kdum w*» ourmJ 

l^'l!±l h * i,WI<i ? d Jiff? *« nd,nfl i" • refrtgarator. Tha subsaquant oxidation wfth DyrWnkX 
cMoroehromete m conducted In tha tame mannor m (I) gave tha corresponding aldohydaV 

Reference Example) 3 — Production of IFN-yd2 
(I) Traneforment preparation 

" dfJ^^**!!!!!!^ f>UmM ^i 1 ^ 11 ?^- 00 <Wd OP** 1 N* Example 2 OIDl waa 

d%a«adjj*h*a roelrfctlon arayrnaa Avmtt and Art. and an 4»IWM 1 kb OKA fragment containing tha 
IFN^y gene portion waa isolated. Tha protaln synthesis start eodon-oomalning oligonucleotide adaptor 

CGATAATGTGCCAO 

Jv 

TATTACACGOTCCTQ 

^HH^JHH^^ ^&£ > %SZ a !! imm m * h0d J 0 '"* 1 * »• 0NA fragment at theXvafi 
oonaarvo and thareof using 74 0NA llgase. 

* ^ ^2.."£*Z* >in " 1 B-n * *" lnMrtBd Int ° tr * DNA fragmant obtained by cleavage of tha 
^T!l^ 7 Ill a L' ba ^ <itKl P ubUcitton ' ExamP«« 2 Wl with *• raatrictfon anynSaT^od 
oowuMiMm from tha trp promoter In said fragmant. Thua waa conatruotad tha sirnrseelon aiaamid 
pHmrpllOt^tt cooing for tha cVTyr^efTctemMFN^ polypeptide (Hg. * p4Mm4 ° 

» rPrnflJ^J^^S* no r^i^ P**?" 1 P"™*" 01 ^ by tha method of Cohan at al. 

SSJJl?^ tZt, ,5', 21 10 J 1972 *' to gfvt lha trewforment Btdmkhk cog (-£ cofl) 

284rpHTTtrp1101-<l2 carrying said piasmfd. 

01) Trsnaforrnartt ouWvedon 

* nJ^^J^m^Sl^l!^ ar ?[y *• P'""* 1 * 0) waa cutttvated In MS 
S^fT^^lE tS^^i!S2?J!!*:^?.^ <* umlno and 1% of glucose at 3TC Whan tha 

^ ourtfyatton waa oondnuod for Author 4 hours. After outovttJon. cafe wart harvtaM by cormtfusatfon 
and auapandad In 1/10 volume of O08 M Trta4« (pH 7.8) containing 10% «woao^T^swparX?S^ 



woro addad pharrrlmaliiylautfonyl fluorldo. Nod, athytanadlairUnatstiiacatata (EDTA). apormidbio and 
Nwymatocoiwantra»tor«rf1r^^ 

hour, tha tu apa n a f on waa traatad at 3TC for 3 mawtaa to ghre a rysata. 
T^lyartwassubjactadtocantrt^ 

*°J^. im ^ ia PO^P«<aMMonttlrang supamatant TWa supamatant had an anthrtral aotMty 
of 2J7x10* U/lrtar otdtura fluid., 

(HQ Purtrlcttion of IFN^yd2 

^ h JiJi^^l M T fr^droohloilda buffar (pH 7i» containing 7 M guanioTna tiydrochlorida and 2 mM 
P*f2^T^L !IT^T2^ , ^ r ^^ -E ^ir^^rL^^^^ > *^* = **- ww * • u ^ n <** 1 8J g of calla ootairMd In tha sama mannar aa (U) 
■bcva and stored In tha froan state. Tha auaparttton wis rtrrad at rc far 1 hour and than aubtactad to 

^l^L^l?. 00 ??**"* 137 mM • od,um enterloa. 2.7 mM potaaarum chlorida, 11 mM 
c*aodhjrn phosphate and 1 J mM rnc<topotaaaium phosphate (harelnaftar tuch buffor baino refarred ta bv 
ma ahoravtetion PB« and tha dilution was sopited to an antibody corumn (Moy2-11.1. column voKima 12 
^ 1°^ ^ 1 ,'^ rnin «*- The column was than washed wfth 00 ml of 20 mM sodium phosphate 
5£ZP H L£lZ2£y M M Mroehlorlda and erutad wfth 38 mi of 20 mM sodium 

phoaphate buffar (pH 7.01 containing 2 M guanidina hydrochloride to ghre 20 mi of an sntfvirairy aothre 



Ttte 20^ fra^on m« a^pllad to 
*£j!! a J!*!$ b ' md • dw « no> wNh 28 mM arnmonium acetate buffar (pH W eontaamng 1 mM 
iE£ £v * *" & 0A * M * odlum tMota*. 10 mM cysteine and 2 M guanioTna hydrocMorldo, 
foUowed tar sjuaon wfth tho sane) buffar. Thua waa obtained 37 ml of an anttviralfy aedva fnedon. 
. ^$P:V*** ci ™* PO^fOdm (IFN-yd2) obtained weighed SJ mg and had a spscfflc actMty 
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Re l e ren oa Example 4 — Production of IFM-yd3 
0) Trsneformant production 

The IFN-y expression pieem.d pRC23flfl-900 (cf. Example 7 of the specification for a patent appMcetf n 
under EPC aa laid open under No. 0089076) wee dlgeeted with the restriction enzymee Ndti and #Vcol, and a 
5 710 bp Wet-Ateo! DMA fragment (A) containing the IFN-y gene region waa isolated. Separately, the pleemid 
pRC23 WU dlgeeted with tha reetrfction anzyrne BgM end fcoRI, and a 265 bp ONA fragment (B) contaJnlng 
the Ai° t promoter waa isolated. The fragments (A) and (8) and the chemically synthesized, protein synthesis 
start codorvcontainlng ollgonudeottde 

to AATTCATGCAQGATCCA 



GTACGTCCTAGGT AT 

j Joined together uaing T4 ONA Itgaaa, with the rVdW and fieoW eoheelve enda aa the sttee of Joining. 
The ONA fragment thus obtained wae Joined to the piaamid pRC23/lR-900 after treatme, nt with Ned and 
Bgl\\ t to thereby construct an expression plaernld, pLC2, coding for the Cye-Tyt>Cye-delldem IFN-y 
porypootide (Rg. 2). This pUemid pLC2 waa used for transforming EschtHchi* coil RRI(pftK248 dta) by the 
method of Cohen et si. [aupra] to give a tranaformant Eschfkhk coil )•£ coifi PRI(pLC2,pAK24a dta). 

(10 Traraformant cultivation ^ 

The atrain £ cotf m(pt£2,p*K24* dta) carrying the pieemld constructed In (I) above was 
shaJce-cuftured at VC In 80 ml of a liquid medium containing 1% Bectotryptooe, 0.6% yaaet ; extract, 0.5% 
•odium chloride end 7 u*yml tetracycline, the culture broth wee tranafarred to U tttera of M9 medium 
containing 0.5% caaamlno acid, 0.5% glucoee and 7 ug/ml tetracydlne, and grown at VC for 4 hours and 
then at 4TC for 3 houre. Celle were harvested by oentrrfugstfon and stored at -80HC 

(Ill) Purification .„ . ^ . - 

m 22 mi of 0.1 M Tri»4iydroeMorlda buffer (pH 7.0) containing 7 M guenldlne hydrodilorld* end 2 mM 
ptwrtf rnatWwtforiyt fluoride, there ww euepended 7.1 g of fnwan eelle otalr»e*ln the eerr* inanner ae 
mentioned above In 00. Tha auapanaion waa stirred at 4TC for 1 hour and than oantrlfugad at lOOOOxg tar 
30 mlmitae to give 24 ml of • eupematent. Thfe aupafnatant wte aiuted by eddlr* 300 ml of PBS and the 
dOutton waa appilad to an antibody oolumn (Moy2-11.1. oolumn capacity 18 ml) at a «ow rata of 1 
mVmJniM. Thereafter, the oolumn waa waahod wHh 80 ml of 20 mM sodium phosphate i buffer (pH TM 
oomalnlng <US M guenldlne hydrochloride and then eiuted vrfth.48 ml of 20 mM todJum phoaphatabxjffw 
(pH 7.0) oomalnlng 2 M guenidme hydrochloride, to give 28 ml of an antMrafly octtve fraction. TWa fraction 
08 mi) waa appftad to a Seohooryl S-200 (Pharmacia) oohimn (2JX94 cm; column opacity 500 ml) 
ecxdlbrated In advanoa wHh 25 mM ammonium acatata buffer (pH 6X0) containing 1 mM alhytanadlamlna. 
tetnecodc add. 0.18 M aodhim chloride. 10 mM cysteine and 2 M guanidlM hydrocMorida. and ahitad with 

tha aama buffar to glva 40JHI ft an intMraBy active fraction. 

Tha thu»obtain«d (^TyVcyVdaflctont IFN-y poiypaptlda IFN-y d3 walghad 74) mg and had a tpacHIc 
activity of 2.72X10 7 lU/mg, 

Reference Example 8 — rVoductton of non-grycoaylatad human ft>2 

0) Tranaformant cufdvedon j. 

£ coff DHVDTF4 [cTC Pat Appin. No. 843081 63 U}) waa Inoculatad Into Mm) of a liquid medium (pH 
7.0) containing 1% Becto typtono (DHbo Loborstorlce, USA). OB» Bade yeast axtract (Otfeo Lk»ratori** 
USA). 0.8% aodlum ehtorMo and 7 ugrml totracydlna aa ptaead In a 28^1 Ertanmtyar flaafc Alter 
incubation at 37*C ovwnlaM en a awing rotor, tha culture madlum waa nranrred to * 5 ^|^J^"?* 
containing 28 (Hare of M9 medium containing OB% caaamlno add^O.8% gtucoea 
Inoubenon waa man oooduotad wHh aeration and adrring at 3TC for 4 houra and 
3 0 indotytaorvllc add (25 Mo/ml). for further 4 hours. CeHa wera rnrveatad from tha thua-obtained 2.5-1 Iter 
eufeure bran by eerttrifugaiion, frozen at -80*C and atorad. 



(H) BuraHNn 

Tha fraeia atorad raili (12.1 g) obtained above were luspended uniformly In 100 ml of an axtrectant 
(pH 7.0) eontaJning 7 M guanhflne hvdrochlortde and 0.1 M Trie • HO, ^ j^er^on^^r^«« for 
Ihour and the lyeata wee oantrlfugad at 28,000xg for 20 mtoutee. There wee obtained 93 ml of a 

m ™Z£^c£Z£**~ we. «^y»d ^na. 00)1 M Tde • HO 
c«wh^ at 1 Wxg for 10 minute* glvir« 94 ml of a olah^ 

wee apptfed to e 06 82 (DEAE-ceiluioee. Whatman. Great Britain) column («^^ volurrie) ^Rxiog 
wttti O01M Trie 'MO buffer (pH &8) for protein *<W»on. mi 
concentration gradient (0—0.18 M MeO. 1 liter). The active fractfone (83 ml) ware concentrated to 48 ml 
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S™**" 1 «5* um " «5W ml in volum.) aqulbratod with 0.1 M Tris • HQ (pH 8J»-1 M N«Q bufftr. Th. sctiv. 
fraction* (28 ml) obtalnad wara concantratad to 2.5 ml using a YM-6 m.mbran.. Tha concantrata waa 
appllad to an Ultrspora RPSC (Altax. USA) column for adaorptlon. and high parformanca liquid 
chromatography waa parfbrmad ualng a trffluoroacstlc add-acatonitrll. ayatam aa tha sluant 
a « J U 22J r =°" <1,tton,: column. Uttrapora RPSC (4.6x7« mm); column tamparatura, XK: akjont A. 
0.1% trffiue|0^jidd-99J% watan tluant 8. 0,1% trffluoroacatic add-9M% ac^rt aTalS^ 

(30% A+70% B)-mimjte 48 (100% B); alutfon rata. 0.8 mVmln.; drtaction wava langth. 230 nm. An arfv. 

* * rtwntion <* » mlnutaa. Thua was obtain** 10 ml of a solution 
containing 0.53 mg of non-gtycoaylatad human IL-2 protain (apachTc activity. 40,000 U/mg; activity racovarv 
— ^ wv. M /« f hwiiij wi rfluwu, Jon vovwrmincKj uy oanaoomecryjj. 



1. A chemically modified lymphotdno having polyethylene glycol of the formula: 

B40--» f CHr^ 

* UI , T? n Rft# P f ° t * ctfv# Q^P to'** terminal oxygen atom and n ?a an optional poeftfve Integer, bonded 
olfecdy to at tout one primary amino group of tha rymphottne moiety. 

*; ™? m J^^^Pj« kI ^ according to daim 1, wherein tha lymphoUna motaty haa moJacutar 
wotgnt from 5,000 to 50,000. 

- _t "^^^S*? Ivmpboklne according to daim % wherein tha tymphokina moiaty has molecular 
9 weight from 10,000 to 30,000. 

4. Tha modified lymphotdne according to daim 1, wharaln tha rymphokine moiaty ia imerforone, 
lnterteuWn-2, macrophege dMerentfeting factor, macrophage activetlng factor, or aubetancee similar in 
etructuro and In phyafototjical acdvtty to theoo. 

IThi modfUd lympholdna according to daim 1. wharaln tha lympholdna moiety la Interferbn-o, 
99 Interferon^, Interferon-Y, Inteftoron-ydZ Irtarfeon-yd3 or lntertegldn-2. 

* Tha modMed lympholdna according to daim 1. wharaln tha lympholdna moiaty la lnterferon-a 
7. Tha modMad lympholdna according to daim 1, wharaln tha lympholdna moiaty la Interferon-* 
a Tha modHtod lympholdna according to daim 1, wharaln tha lympholdna moiaty la tmarlauldn-2. 
«. Tha modMad tymphokina according to daim 1, wharaln tha polyethylene glycol haa molecular 
m weight cmraeponolng to 1 to 10% of tha molaoular walght of tha lympholdna moiaty. 

10. Tho modfflod lymphoid** accerttfng to daim 1, wharaln tha polyethylene glycol haa motacuiar 
walght from 380 to 5*000. 

1 1" modlfM lympholdna according to dafm 1, wharaln R (a alky* or afttanoyL 
12. Tho modMad lympholdna according to daim 1, wharaln n la a poaftfvo Integer from 7 to 120. 
«* ta. Tho modMad tymphofcJne according to daim 1. wharaln tha primary amino group ia fUarmJnai 
oemlno group or e-emlno group of lyaina raalduo In tho lympholdna moiaty. 

14. Tha modHlad tympholdna aocordlng to 
of tvamlno groupa of lyaina raafdua In tha lympholdna moiaty. 

£ A mathod of producing a chemically modMad lympholdna having polyethylene glycol of the 

m formula: 

WCH,CHrb 

whet^nR lea protoi^ group ter the terminal oxygen atom and n la an optional poaidve Integer, bonded 
m tfrectfy to at lea* one primary amino group of tha lympholdne moelty, which comprieee reacting a 
lympholdna whh an aldehyde of tha formula: 

m wherein R and n are ee defined above. In tha preeence of a nedudng agent 

1&Tha mathod eooordlng to delm 15, wherein the reecdon la conducted In tha neighborhood of 
neutrality. 

17. Tho method eooordlng to delm 15. wherein die reducing agent ie aodhjm cyanoborohydrfda. 



1. Chemfech modHbdertee Lympholdt% dee eln PoMtftytengfycol der Formal 
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worin R *Jn6 Schutzgruppa fOr daa andetindlge Sag rat ffatom 1st urtd n tJna wlhlbara potfttva garua Zah! 
daratallt dlrakt an wanlgatana aina prlmlra Aminogrvippa daa Lymphokinantaila gabundan anthltt 

2. ModHWartaa Lymphokin nach Anapruch 1, worin dar Lymphokinantail aln Molakulargawicht von 
6*000 bla 90.000 baattzt 

3. ModifWartaa Lymphokin nach Anapruch Z worin dar Lymphokinantail aln Molaculargawlcht von 
10.000 bla 30.000 tiifwaiat. 

4. ModHUartM Lymphokin nach Anapruch 1, worin dar Lymphoid nantall aua Interfafonan, Intariaukin- 
2. Makrophag^HHrartfafungafaktor, Makrophag-Aktfviarungtfakctor odar dlaaan In Struktur und 
phyalologlachar AWvittt ihnllchan Subatanwm baataht 

6. ModlWartaa Lymphokin nach Anapruch 1, worin dar LymphokJnamaJI Intarfaron-a lntarfaron-0; 
Intarfaron-Y. Intarfaron-ydZ lrrtarfaron-Yd3 odar lntartauWn-2 tat 

e. ModiMartM Lymphokin nach Anapruch 1, worn dar Lymphoklnantan Intarfarotva lac 

7. ModHbfartaa Lymphokin nach Anapruch 1 # worin dar LymphoklnantaH Intarfaron-Y lat 

8. ModlrUlartaa Lymphokin nach Anapruch 1, worin dar Lymphokinantail tntartaukirv* tat 

9. M olU lart aa Lymphokin nach Anapruch 1, worin daa Potytthyfangh/ool aln Molaulargawicht aufwaiat 
daa 1 bte 10% daa Molaulargawtchtaa daa Lymphoktaantallaa antaprteht 

10. ModtfUartaa Lymphokin nach Anapruch 1, worin daa Polyathytanglycol aln Molaculargawlcht von 
300 W a WOO liaaiUI 

11. ModHUaitaa Lymphokin nach Anapruch 1. worin R fOr AIM odar AJkanoyl ttaht 

11 ModffUartaa Lymphokin nach Anapruch 1, worin n ama poaftfva garaa Zah! von 7 bla 120 badautat 

13. ModffUartaa Lymphokin nach Anapruch 1. worin dla primftra Amlnogruppa aina N-andatlndtga 
o-Amtnogruppa odar a-Amlnogruppa ainaa Lyalnraataa fm Lymphoklruurtattd^^ 

UModHWtrtM Lymphokin nach Anapruch 1, daa am rN>rytthytangtycol anthalt daa an 19 bla 00% dar 
c-Aminogruppan daa Lyalnraataa Im LymphoWnantafl gabundan tat _ , _ t . , . 

1ft. Varfahran zur Haratallung tinaa chamiach modifWartan Lymphoklna. daa aln Polyithytangtycol dar 
Formal 

fHOCrWCHgHk 

worin R alna Schuogruppa fOr daa andatindiga Sauaia t omj to m lat und n fQr aina wihlbara poafflva garaa 
Zahl ataht dlrafct an wanlgatana aina prtmlra Amlnogruppa daa Lymphoktnantallo gabundan anthilt 
watchaa Varfahran dla Umaatxung afnaa LymphoUna mh alnam Aldahyd dar Formal 

worin R und n dla voratahand angafQhrta Bodautung baaftran, fn Gaganwart alnaa Radukttonarnlttaia 

um faft f- 

16. Varfahran nach Anapruch 19, worin dla RaaWon In dar Nlha daa Mautralbaralchaa durchgafOhrt 
wtrd* 

1T. Varfanran nwh Anapruch 16, worin daa teduttonamltM Natrfumcyanborhydrid tat 



1. LymoheUiw chlmJquarnont modMoa ayant du pofy*thy)*n^Jycol da formula: 

dan* taquaflo R Ml un group* protactaur da I'atoma d* oxyg*n« tttmlnal « n un nombrt *nt!«r portH 
latest «i chobt, M dractamant a au moina un group* amino prlmalra du fragment lymphoUna. 

2. Lympholdrte rrxxflftaa aatan la revindication 1. dana laqu««« * fragmant rymphoUn. a una maaaa 
rnoieoulatre oampHaa antra 6000 at 6000O. 

3. LyrnphoUne modmea aaion !• wvandiatton 1 den. laqualle (• fragmant lymphoWna a una maaaa 
moMouMra aornoriaa antra 10000 at 30000. . „ ^ „„ 

4. LymphoUna modHMa aaion la rawandteatton 1. dana laquafla I* fragmant Nti^oWnaaat un 
ln«aff«ron. HiMdauUna-l. un fact** da dlffaranctaoon da '^f>^Jf n ?^ r *^%?J? 
macrophage, on una aubatanca UmlWra an rtructunj at an «ct^ phyaWog^i «eju«»«** 

5. lymphoUna modMM* aatcn la r^ndteadon 1, dana Ijou^toje fragmart K^nphotfna aat 
nntariiron-o. rlMMMren^. Ilntaffaroivy, nntorfanjn-vd2. Hrtarfarc^ c^nmnauttn^ 

1 LyrnphoUna modHM* aaion la nwanctotlon 1, dana taquafla I* fmgmam lympholdna aat 

flfrtarfArort^CL m utnm 
7. Lymphokkia modmaa aaion ta ravandlcadon 1, dana 'jqualfa la fragmant tymphoklna aat 

n ^^l^prwklna modtflaa aaion la ravandlcalion 1, dana laqualla la fragmant lymphoWiia aat 
nntartaukmo-2. 
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13. lymphoid!* modiftfe Mion i« revindication 1, dtns I«hm«* It arouM amim n^r. *** u 

I^L L ^?f! oWn ! mo<ttfl ** '« revandkatfon I. qui • du potyfthyttnaafvcol 114 4 15% k eoi% rf- 

*~77\': 9 'r'" 0 . °» /— JVM «n« to fragment lympholdM. 

formul.:^^ p " p-f,tfo " <funa lymphoids chlmlquemefrt modHMa cytm du potyAtiyltntgiycoJ <te 

w 

M-O-CHjCH,* 

» camprand to riactfon (Tuna lymphoktra avae un akMhyda da fomwia: • 

'W>^ 1 CH r 4 B r T 0-CH t CHO 

« tta "*«*2^? * n aont taaj qua dafinla d-daatua, an preaanca (fun igant niductaur. 

7 J"^!? 1 ^^ l« taction aat raallaaa «j volataaga da I. nautratht 

IT Piocdd* aaion la ravandteatton 15. dan. laquai ragant rtduetaur aM du cyMofaorohydrura da 
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Fig. 4 
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